
   
       

    
   

    
    

  
   

     
    

  
   

     
  

    
  

  
  
   

     
     
    

   
   
   
   
    

   
   

    
    
    

    
    

Appendix A. List of Acronyms 
AHRQ Agency for Healthcare Research and Qaulity 
AKI Acute kidney injury 
CI Computerized tomography 
CIN Contrast induced nephropathy 
CKD Chronic kidney disease 
CV Cardiovascular 
EPC Evidence-based Practice Center 
ESRD End stage renal disease 
GFR Glomular filtration rate 
HD Hemodialysis 
HF Heart failure 
HOCM Hig osmolar coantrast media 
IA Intra-arterial 
IOCM Iso-osmolar contrast media 
ITT Intention to treat 
IV Intravenous 
IVU Intravenous urography 
KQ Key questions 
lOCM Low osmolar contrast media 
MACE Major adverse cardiac events 
MeSH Medical subject heading 
MI Myocardial infarction 
NA Not applicable 
NR Not reported 
NS Not significant 
PCI Percutaneous coronary intervention 
PICOTS Populastion, interventions, comparators, outcomes, timing, setting 
PP Protocol population 
RCT Randomized controlled trial 
RRT Renal replacement therapy 
SEO Strength of evidence 
SIP Scientific information package 
TOO Task Order Officer 
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Appendix B. Detailed Search Strategy 
Database Search Included 

returns 
Notes 

PubMed (("Kidney diseases"[mh] OR "Kidney disease"[tiab] OR "kidney 
diseases"[tiab] OR Nephropathy[tiab] OR "acute kidney 
injury"[mh] OR "acute kidney injury"[tiab] OR “acute renal 
injury”[tiab] OR "renal disease"[tiab] OR “renal diseases”[tiab]) 
AND ("contrast media"[mh] OR "contrast media"[tiab] OR 
"contrast medium"[tiab] OR "contrast material"[tiab])) NOT 
(animal[mh] NOT human[mh]) 

5308 

Embase ('contrast medium'/exp OR 'contrast medium':ab,ti OR 'contrast 
media':ab,ti OR 'contrast material':ab,ti) AND ('kidney 
disease'/exp OR 'kidney disease':ab,ti OR 'kidney 
diseases':ab,ti OR nephropathy:ab,ti OR 'acute kidney 
injury':ab,ti OR 'renal disease':ab,ti OR 'acute renal failure':ab,ti 
OR 'acute renal injury':ab,ti) 

8952 12151 
Limit to humans (study 
type): 9972 
Limit to Article, Review, 
Conference Abstract, 
Conference Paper, 
Short Survey, Article in 
Press, Conference 
review (Publication 
type): 8952 

Cochrane ID Search 
#1 MeSH descriptor: [Kidney Diseases] explode all trees 
#2 "kidney disease":ti,ab,kw (Word variations have been 
searched) 
#3 nephropathy:ti,ab,kw (Word variations have been 
searched) 
#4 "acute kidney injury":ti,ab,kw (Word variations have 
been searched) 
#5 "renal disease":ti,ab,kw (Word variations have been 
searched) 
#6 "acute renal injury":ti,ab,kw 
#7 "renal diseases":ti,ab,kw 
#8 #1 or #2 or #3 or #4 or #5 or #6 or #7 
#9 MeSH descriptor: [Contrast Media] explode all trees 
#10 "contrast media":ti,ab,kw (Word variations have been 
searched) 
#11 "contrast material":ti,ab,kw (Word variations have 
been searched) 
#12 "contrast medium":ti,ab,kw 
#13 #9 or #10 or #11 or #12 
#14 #8 and #13 

429 Other reviews: 52 
Trials: 368 
Technology 
assessments: 4 
Economic evaluations: 
5 

Total 14,689 
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Appendix C: Screening and Data Abstraction Forms 
Title 



  Abstract Screening– NO 

C-­‐2 



  Abstract Screening– YES 

C-­‐3 



  Abstract Screening– Unclear 

C-­‐4 



   Article Screening– NO 

C-­‐5 



   Article Screening– YES 

C-­‐6 



 Participant Characteristics 

C-­‐7 



C-­‐8 



C-­‐9 



C-­‐10 



C-­‐11 



   Study Characteristics 

C-­‐12 



    Intervention KQ 1&2 

C-­‐13 



C-­‐14 



    Intervention KQ 3&4 

C-­‐15 



    Clinical Outcomes Continuous 

C-­‐16 



    Clinical Outcomes Categorical 

C-­‐17 



   Adverse Events 

C-­‐18 



    Cochrane Risk of Bias 

C-­‐19 



C-­‐20 



   
   

 
          

          
     

     

 
          

      
    

  
  

    
         

       
       

 
 

    
        

    
        
         

        
  

     
  

          
    

 
      

     
 

         
   

    
 

  
     

 
       

 
    

    
         

      

      
            

          
       

       
   

      
     

 
        

   
   

    
       

      
    

 
        

    
 

         
  

      
       

      
    

     
      

      
     

   
       

  
 

    
         

          
        

 
   

     
  

          
     

     
  

         
        

 
    

   
     

  

Appendix D: List of Excluded Studies 
Exclusion: Abstract Only. 

M. R. Gandhi, P. Brown, C. A. Romanowski, S. K. 
Morcos, S. Campbell, A. M. el Nahas and T. A. 
Gray. The use of theophylline, an adenosine 
antagonist in the prevention of contrast media 
induced nephrotoxicity. Br J Radiol. 1992. 
65:838 

M. S. Davenport, S. Khalatbari, N. R. Dunnick, J. R. 
Dillman and J. H. Ellis. Contrast-induced 
nephrotoxicity: Risk of intravenous low 
osmolality iodinated contrast material stratified 
by estimated glomerular filtration rate. 
Abdominal Imaging. 2013. 38:628 

J. Sugioka, M. Inagaki, S. Fukuzawa, A. Ikeda, S. 
Okino, J. Maekawa, S. Maekawa, S. Ichikawa, 
N. Kuroiwa and S. Okamoto. Risk prediction of 
contrast-induced nephropathy in diabetic patients 
undergoing primary percutaneous coronary 
intervention for acute myocardial infarction. 
Cardiology (Switzerland). 2013. 125:164 

M. Fujimoto, K. Waseda, H. Takashima, K. Maeda, 
K. Asai, Y. Kuroda, T. Kosaka, A. Kurita, Y. 
Kuhara, H. Ando, S. Sakurai, D. Kato, A. 
Suzuki, Y. Nakano, T. Niwa, K. Mukai, S. Sato, 
T. Mizuno and T. Amano. Effect of oral 
hydration on renal function after coronary 
catheterization. American Journal of Cardiology. 
2013. 111:89B 

M. Habib, A. Hillis and A. Hamad. The role of 
ascorbic acid or n-acetylcysteine or combination 
in prevention of contrast-induced nephropathy in 
high-risk patients with ischemic heart disease. 
International Journal of Cardiology. 2013. 
163:S64 

M. Habib, A. Hillis and A. Hamad. Low dose of N-
acetylcysteine plus ascorbic acid versus 
hydration with (saline 0.9%) for prevention of 
contrast-induced nephropathy in patients 
undergoing coronary angiography. International 
Journal of Cardiology. 2013. 163:S81 

S. Hamdi, W. Selmi, A. Hraiech, W. Jomaa, K. B. 
Hamda and F. Maatouk. Prevention of contrast 
induced nephropathy in patients undergoing 
coronarography with ascorbic acid. JACC: 
Cardiovascular Interventions. 2013. 6:S22 

J. Samide, N. Saad, T. Abraham and E. Balmir. A 
retrospective evaluation on the usage of 
iodinated contrast media in an Urban hospital 
setting. Critical Care Medicine. 2012. 40:265 

J. Kooiman, Y. W. Sijpkens, H. C. Brulez, J. P. P. De 
Vries, J. F. Hamming, A. J. Van Der Molen, N. 
J. Aarts, S. C. Cannegieter, T. J. Rabelink and 

M. V. Huisman. Randomized study of short 
prehydration with sodium bicarbonate versus 
standard pre- and posthydration with sodium 
chloride to prevent contrast induced acute kidney 
injury: The Salina trial. Circulation. 2012. 
126:#pages# 

A. M. Fayed. Human albumin versus isotonic sodium 
bicarbonate in prevention of contrast induced 
nephropathy in critically ill patients. Intensive 
Care Medicine. 2012. 38:S243-S244 

X. Qun and L. Shijuan. Protection of n-acetylcysteine 
for patients with contrast induced nephropathy 
after percutaneous coronary intervention 
treatment. Heart. 2012. 98:E214 

R. Li and H. Chen. Prevention of contrast-induced 
nephropathy with ascorbic acid. Heart. 2012. 
98:E211 

J. Juch, J. Le Noble and N. Foudraine. Incidence and 
prevention of contrast induced nephropathy 
(CIN) in the ICU: Preventive administration of 
Na+ bicarbonate is not effective. Single dose 
amino-glycoside is a major risk factor. Intensive 
Care Medicine. 2012. 38:S46 

G. Deray, L. Marti-Bonmati, O. Rouviere, L. 
Bacigalupo, B. Maes, T. Hannedouche, F. 
Vrtovsnik, C. Rigothier, J. Billiouw and P. 
Campioni. Renal safety evaluation after Gd-
DOTA-enhanced-MRI compared with non-
enhanced-MRI in patients at high risk of 
developing contrast medium induced 
nephropathy. Journal of Medical Imaging and 
Radiation Oncology. 2012. 56:90 

M. Erturk, E. Akbay, G. Kurtulus, N. Isiksacan, M. 
Gul, I. F. Akturk, O. Surgit, F. Uzun, A. Yildirim 
and N. Uslu. Effect of iv or oral N-acetylcysteine 
in the prevention of contrast-induced 
nephropathy in patients with moderate to severe 
renal insufficiency. European Heart Journal. 
2012. 33:77 

A. K. Singh and J. A. Kari. 24-hour isotonic sodium 
choloride was better than 7-hour sodium 
bicarbonate for preventing CIN. Annals of 
Internal Medicine. 2012. 157:JC1-9 

V. Brulotte, F. A. Leblond, S. Elkouri, E. Therasse, 
V. Pichette and P. Beaulieu. Impact of sodium 
bicarbonate administration and N-acetylcysteine 
on the prevention of contrast media-induced 
nephropathy in endovascular aortic aneurysm 
repair. European Journal of Anaesthesiology. 
2012. 29:66 
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G. Gu, R. Lu, W. Cui, F. Liu, Y. Zhang and X. Yang. 
Low-dose furosemide administered with 
adequate hydration prevents contrast-induced 
nephropathy in patients undergoing coronary 
angiography. Circulation. 2012. 125:e868 

K. Chatani, M. Abdel-Wahab, R. Toelg, V. Geist, M. 
Marwan, A. E. Mostafa and G. Richardt. Impact 
of iso-osmolar versus low-osmolar contrast 
agents on contrast-induced acute kidney injury in 
unselected patients undergoing TAVI. 
EuroIntervention. 2012. 8:N160 

A. Lacquaniti, V. Donato, M. Rosaria Fazio, S. 
Lucisano, V. Cernaro, R. Lupica and M. Buemi. 
Contrast media, nephrotoxicity and neutrophil-
gelatinase associated lipocalin: Between doubts 
and certainties. Nephrology Dialysis 
Transplantation. 2012. 27:ii354-ii355 

S. Traub, A. Mitchell, A. E. Jones, A. Tang, J. 
O'Connor, J. Kellum and N. Shapiro. A 
randomized trial of N-acetyl cysteine and saline 
versus normal saline alone to prevent contrast 
nephropathy in emergency department patients 
undergoing contrast enhanced computed 
tomography. Academic Emergency Medicine. 
2012. 19:S22 

B. C. Chua, A. S. Aprjanto, N. Hamada and S. 
Sultan. Contrast Induced Nephropathy and 
Chronic Kidney Disease (CIN/CKD) as a 
consequence of utilising non ionic Iso-Osmolar 
Contrast Media (IOCM) versus Low- Osmolar 
Contrast Media (LOCM) following lower 
extremity endovascular revascularisation (EvR): 
A 5 years parallel group observational study. 
Irish Journal of Medical Science. 2012. 181:S16-
S17 

S. Ebisawa, T. Saigusa, K. Odagiri, S. Aso, K. 
Aizawa, M. Koshikawa, H. Kasai, A. Izawa, T. 
Tomita, Y. Miyashita, S. Kumazaki, T. Yaguchi, 
H. Hioki, J. Koyama, U. Ikeda, T. Kurita, M. 
Kimura and T. Suzuki. Impact of minimum 
contrast media on percutaneous coronary 
intervention for preventing contrast induced 
nephropathy in patients with coronary artery 
disease. Circulation. 2011. 124:#pages# 

N. Mayaud, K. Isaaz, C. Mariat, A. Cerisier, M. 
Lamaud, L. Richard and A. Da. Contrast induced 
nephropathy in patients with normal renal 
function undergoing complex PCI with high dose 
of contrast media: Predictive value of Cystatin C. 
Journal of the American College of Cardiology. 
2011. 58:B138 

M. Elshawadfy, M. A. Oraby, H. M. Ismail and F. A. 
Maklady. Effectiveness of theophylline in 
prevention of contrast-induced nephropathy in 
risky Egyptian patients undergoing elective 
coronary angiography or percutaneous 

intervention: A randomized controlled trial. 
Journal of the American College of Cardiology. 
2011. 58:B136 

M. Menozzi, P. Magnavacchi, E. Puggioni, M. 
Valgimigli, L. Vignali, V. Guiducci, G. 
Pignatelli, P. Giacometti and A. Manari. Contrast 
induced acute kidney injury in patients 
undergoing primary angioplasty for acute 
myocardial infarction. a randomized trial on 
hydration with saline or bicarbonate. Journal of 
the American College of Cardiology. 2011. 
58:B137-B138 

A. Momeni, A. Ebrahimi and A. Khaledi. 
Comparison of three methods of contrast 
nephropathy prophylaxis in azotemic patients. 
Iranian Journal of Kidney Diseases. 2011. 5:10 

S. Bajaj, M. Sharma, R. Parikh, S. Patel, N. Gupta, C. 
Chandran, A. Hamdan, F. Shamoon and M. 
Bikkina. Contrast induced nephropathy in 
patients with chronic kidney disease undergoing 
coronary angiography. Chest. 2011. 140:#pages# 

W. Li, D. Li, T. Xu, Y. Zhang, H. Zhu and F. Han. 
Prevention of contrast-induced acute kidney 
injury with ascorbic acid and prostaglandin e1 in 
high risk factors patients undergoing PCI. Heart. 
2011. 97:A151 

Y. Miao and Z. Yu-Jie. Efficacy of short-term high-
dose atorvastatin for prevention of 
contrastinduced nephropathy in patients with st 
segment elevation myocardial infarction 
undergoing percutaneous coronary intervention. 
Heart. 2011. 97:A229 

X. Hou, Y. J. Wang, Q. X. Yin, J. L. Miao and H. 
Jiang. Prevention of contrast-induced 
nephropathy comparison of two hydration 
regimens in elderly patients undergoing 
percutaneous coronary intervention. Heart. 2011. 
97:A230 

L. Bertelli, F. A. Sgura, M. Manicardi, A. Campioli, 
G. Spadafora, C. Leuzzi, R. Rossi, G. Biondi 
Zoccai, G. M. Sangiorgi and M. G. Modena. 
Mid-term outcomes of iodixanol versus iomeprol 
contrast medium after primary angioplasty for st 
elevation myocardial infarction. European Heart 
Journal. 2011. 32:881 

M. Brueck, H. Cengiz and A. Boening. Comparison 
of N-acetylcysteine or ascorbic acid versus 
placebo to prevent contrast-induced nephropathy 
in patients with renal insufficiency undergoing 
elective cardiac catheterization. European Heart 
Journal. 2011. 32:261-262 

M. Mockel, M. J. Dumichen, K. Friedrich, Y. 
Kuhnle, J. O. Vollert, J. Searle, V. Combe, C. 
Schwenke and M. Schroder. Invasive renal 
hemodynamics after left ventricular and coronary 
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angiography with randomised use of different 
contrast media. EuroIntervention. 2011. 7:M15 

X. Li, Y. Wang, N. Fu, R. Zhao, J. Xiao, Z. Li and H. 
Cong. Atorvastatin combining probucol can 
reduce the renal impairment induced with 
contrast-medium. EuroIntervention. 2011. 7:M17 

Y. Chen, S. Hu, Y. Liu, L. Wang, G. Fu and Q. He. A 
randomised, double-blinded comparison of 
lopromide and lodixanol in renally impaired 
patients undergoing cardiac catheterisation 
(DIRECT study). EuroIntervention. 2011. 7:M11 

J. Min, A. Ryan and J. Spalding. Renal morbidity, 
mortality, and costs in individuals undergoing 
invasive cardiac catheterization procedures with 
low-osmolar contrast media: A large 
retrospective database analysis. Value in Health. 
2010. 13:A351 

Y. Han, S. Wang, X. Wang, F. Li, X. Zhao and Q. 
Jing. Contrast-induced nephropathy following 
coronary intervention in elderly, renally impaired 
patients: A randomised comparison of the renal 
safety of iodixanol and iopromide. 
EuroIntervention. 2010. 6:#pages# 

Exclusion: Followup less than one year 

E. A. McGillicuddy, K. M. Schuster, L. J. Kaplan, A. 
A. Maung, F. Y. Lui, L. L. Maerz, D. C. Johnson 
and K. A. Davis. Contrast-induced nephropathy 
in elderly trauma patients. J Trauma. 2010. 
68:294-7 
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M. Miura. Contrast medium volume to estimated 
glomerular filtration rate ratio as a predictor of 
contrast-induced nephropathy developing after 
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Appendix E. Evidence Tables 

Evidence Table 1 - Participant Characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy. 

Author, year 
Study 
Population Arm* ARM define N 

Follow-
up 
Period 

Sex, n female 
(%) 

Age, mean 
unless 
otherwise 
specified(Range) Race, n (%) Education 

Smoking status, 
n (%) Comments 

Aspelin, 20031 Diabetics with 
mild to 
moderate 
renal 
insufficiency 
(serum 
creatinins 1.5 
to 3.5 mg/dl) 

Total 129 7 days 53 (41) NR NR NR 

Barrett, 20062 General Total 166 48-72 
Hours 

48(31.4) 67 NR NR NR 

2 Iodixanol 82 25 67 White: 43(56.6) 
Black: 4(5.3) 
Asian/Pac: 29(38.2) 
Other: 0(0) 

NR NR 

3 Iopamidol 84 23 67.3 White: 42(54.6) 
Black: 8(10.4) 
Asian/Pac: 24(31.2) 
Other: 3(3.9) 

NR NR 

Becker, 20133 General Total 113 72 Hours 61(54) 52 White: 22 
Black: 23 
Latino: 30 
Asian/Pac: 38 

NR NR 

1 Iopamidol 32 NR NR NR NR NR 

2 Iohexol 35 NR NR NR NR NR 

3 Iopromide 21 NR NR NR NR NR 

4 Iodixanol 25 NR NR NR NR NR 

Bolognese, 20124 STEMI Total 475 72 Hours 110(23) 66 NR NR Current: 173 

1 Iopromide 239 53 65 NR NR Current: 85 

2 Iodixanol 236 57 66 NR NR Current: 88 
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Evidence Table 1 - Participant Characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year 
Study 
Population Arm* ARM define N 

Follow-
up 
Period 

Sex, n female 
(%) 

Age, mean 
unless 
otherwise 
specified(Range) Race, n (%) Education 

Smoking status, 
n (%) Comments 

Campbell, 19905 General Total 478 NR 213 57.8 NR NR NR Arm 1 is actually 
not the 
control/usual 
care, but just 
one of the 
treatment arms. 

252 arterial and 
226 IV injections 
of contrast 

1 Ioxaglate 
(Hexabrix 320) 

161 NR NR NR NR NR 

2 Iohexol 
(Omnipaque 
350) 

158 NR NR NR NR NR 

3 Iopamidol 
(Isovue 370) 

159 NR NR NR NR NR 

Carraro, 19986 Mild to 
moderate 
renal 
insufficiency 
(serum cr 135 
to 265 
micromol/L 
within the 
previous 2 
weeks) 

Total 64 7 Days 9(14.1) 68 NR NR NR 

2 Iodixanol 32 4 67 NR NR NR 

3 Iopromide 32 5 69 NR NR NR 

Chuang, 20097 General Total 50 7 Days 16(32) 58 NR NR NR 

2 Iodixanol 25 7(28) 62.9 NR NR 

3 Iohexol 25 9(36) 53.0 NR NR 
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Evidence Table 1 - Participant Characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year 
Study 
Population Arm* ARM define N 

Follow-
up 
Period 

Sex, n female 
(%) 

Age, mean 
unless 
otherwise 
specified(Range) Race, n (%) Education 

Smoking status, 
n (%) Comments 

Dillman, 20128 General Total 389 3 Days 204(52.4) NR NR NR NR 

2 Iopamidol 199 99(49.7) 56.7 Black: 12(6.0) 
Other: 187(94) 

NR NR 

3 Iohexol 190 105(55.3) 56.1 Black: 12(6.3) 
Other: 178(93.7) 

NR NR 

Feldkamp, 20069 General Total 83 48 Hours 54(24.4) 62 NR NR NR 

2 Iodixanol 42 15 60.5 NR NR NR 

3 Iopromid 41 12 62.7 NR NR NR 

Hardiek, 200810 History of 
diabetes 

Total 106 7 Days 85(83.3) 66 NR NR NR 

2 Iodixanol 54 52 65 (36-83) White: (98) 
Black: (2) 

NR NR 

3 Iopamidol 48 33 66 (46-84) White: (100) 
Black: (0) 

NR NR 

Hernandez, 200911 Diabetic 
Patients 

Total 250 72 Hours 92(36.8) 70 NR NR NR 

2 Ioversol 132 47(33.6) 70.1 NR NR NR 

3 Iodixanol 118 45(38.1) 69.1 NR NR NR 

Jakobsen, 199612 Severe but 
stable pre-
dialytic renal 
failure 

Total 16 120 
Hours 

4(25) 55 NR NR NR 

2 Iodixanol 8 1 55 (33-70) NR NR NR 

3 Iohexol 8 3 58 (33-72) NR NR NR 

Jevnikar, 198813 General Total 23 20 Hours 4 56.1 NR NR NR 

2 Ioxaglate 8 NR NR NR NR NR 

3 Iohexol 8 NR NR NR NR NR 

4 Diatrizoate 7 NR NR NR NR NR 

Jo, 200614 General Total 275 1 Month 121(43.6) 67 NR NR NR 

2 Iodixanol 140 61 66.1 NR NR NR 

3 Ioxaglate 135 60 68.7 NR NR NR 
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Evidence Table 1 - Participant Characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued).

Author, year 
Study 
Population Arm* ARM define N 

Follow-
up 
Period 

Sex, n female 
(%) 

Age, mean 
unless 
otherwise 
specified(Range) Race, n (%) Education 

Smoking status, 
n (%) Comments 

Juergens, 200915 Cr>130 -
CrCl<60 

Total 191 7 Days 46(24.1) 70 NR NR NR 

2 Iopromide 100 27(27) 69.4 NR NR NR 

3 Iodixanol 91 19(21) 70.2 NR NR NR 

Koutsikos, 199216 Non-diabetics 
with 
satisfactory 
renal function 
(serum cr < 
130 
micromol/L) 
with 
perphieral or 
renal arterial 
vascular 
disease 

Total 24 24 Hours 8(33.3) NR NR NR NR 

2 Diatrizoate 8 1 41.6 (30-51) NR NR 

3 Ioxaglate 8 1 48.33 (37-66) NR NR 

4 Iohexol 8 6 37.61 (16-58) NR NR 

Kuhn, 200817 Moderate to 
severe 
chronic 
kidney 
disease 
(estimated 
glomerular 
filtration rate 
[GFR] = 20– 
59 mL/ 
min/1.73 m2), 
Type 1 or 2 
diabetes 

Total 248 72 Hours 132(53.2) 69 NR NR NR 

2 Iopamidol 370 125 54 69.5 NR NR 

3 Iodixanol 320 123 62 68.3 NR NR 
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Evidence Table 1 - Participant Characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year 
Study 
Population Arm* ARM define N 

Follow-
up 
Period 

Sex, n female 
(%) 

Age, mean 
unless 
otherwise 
specified(Range) Race, n (%) Education 

Smoking status, 
n (%) Comments 

Laskey, 200918 CKD of non-
acute 
etiology, type 
1 or 2 

Total 418 7 Days 148(35) 69.6 (41-87) White: 307(73) 
Black: 22(5) 
Asian/Pac: 76(18) 
Other: 13(3) 

NR NR 

2 Iodixanol 215 76(35) 69.6 (42-87) White: 156(73) 
Black: 16(7) 

Asian/Pac: 39(18) 
Other: 4(2) 

NR 

3 Iopamidol 203 72(35) 69.7 ( 41-87) White: 151(74) 
Black: 6(3) 
Asian/Pac: 37(18) 
Other: 9(4) 

NR 

Limbruno, 201319 General Total 113 5 Days 49(43.4) 7 NR NR NR 

2 Iodixanol 57 29(51) 77 NR NR 

3 Iobitridol 56 20(36) 76 NR NR 

Mehran, 200920 Renal 
impairment 
scheduled for 
coronary 
angio having 
2 consecutive 
stable serum 
creatinine 
levels (>1.5 
mg/dl and 
</=3.0 mg/dl) 
with most 
recent 
obtained 
within 24 
hours before 
angiography 

Total NR 30 Days 18(12.3) 71 NR NR NR 

2 Iodixanol 72 (12.5) 71.6 NR NR NR 

3 Ioxaglate 74 (12.2) 71.3 NR NR NR 
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Evidence Table 1 - Participant Characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year 
Study 
Population Arm* ARM define N 

Follow-
up 
Period 

Sex, n female 
(%) 

Age, mean 
unless 
otherwise 
specified(Range) Race, n (%) Education 

Smoking status, 
n (%) Comments 

Millward, 199621 General Total 48 NR 12(25.0) 63 NR NR NR 

2 Ioxaglate 14 3 Median: 62 ( 51-
79) 

NR NR NR 

3 Ioversol 34 9 Median: 62 (25-
78) 

NR NR NR 

Nguyen, 200822 CKD Cr <1.5 Total 117 90 Days 34(29.1) 64 NR NR NR 

2 Iodixanol 61 16 63 NR NR NR 

3 Iopromide 56 18 65.8 NR NR NR 

Nie, 200823 CrCl <60 
ml/min 

Total 208 3-7 Days 66(31.7) 61 NR NR NR 

2 Iodixanol 106 33(31.2) 61 NR NR Current: 38(35.8) 

3 Iopromide 102 33(32.4) 60 NR NR Current: 33(33.7) 

Rudnick, 200824 SCr ≥ 1.7 
mg/dL for 
men and ≥ 
1.5 mg/dL for 
women 

Total 299 72 Hours 87(41) 72 NR NR NR 

2 Iodixanol 156 (31.8) 71.1 NR NR 

3 Ioversol 143 (27.4) 72.6 NR NR NR 

Serafin, 201125 Neurosurgical 
patients 

Total 92 72 Hours 67(72.8) 50 NR NR NR 

2 Iopromide 48 35 49.6 NR NR NR 

3 Iodixanol 44 32 49.6 NR NR NR 

Shin, 201126 Impaired 
renal function; 
creatinine 
clearance 
(CrCl) <60 
ml/min 

Total 420 1 Month 194(46) 72 NR NR All: 199(47) 

2 Iodixanol 215 105(49) 71.1 NR NR Current: 98(46) 

3 Iopromide 205 89(43) 71.9 NR NR Current: 101(49) 
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Evidence Table 1 - Participant Characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year 
Study 
Population Arm* ARM define N 

Follow-
up 
Period 

Sex, n female 
(%) 

Age, mean 
unless 
otherwise 
specified(Range) Race, n (%) Education 

Smoking status, 
n (%) Comments 

Solomon, 200727 General Total 414 120 
Hours 

149(36.0) 71 NR NR NR 

2 Iopamidol-370 204 66 72.4 NR NR NR 

3 Iodixanol-320 210 83 70.5 NR NR NR 

Solomon, 200928 General Total 294 Range: 
12+ 
Months 

108(37) NR NR NR NR This population 
is the long term 
follow-up data 
from another 
randomized, 
double blind 
study of 
prevention CIN 
strategies 
(iopamidol vs. 
iodixanol) 

Age reported as 
n in two groups: 
18 to 64 and >/= 
65 

1 Iodixanol 149 44 NR NR NR NR 

2 Iopamidol 145 29 NR NR NR NR 

Wessely, 200929 General Total 324 6 Months 89(31.3) 74 NR NR NR 

2 Iodixanol 162 43(27) 75.0 NR NR NR 

3 Iomeprol 162 46(28) 73.2 NR NR NR 

Zo'o, 201130 General Total 145 10 Days 59(40.7) 8 NR NR NR 

2 Iobitridol 74 31(41.9) 8.7 (1-16) NR NR NR 

3 Iodixanol 71 28(39.4) 8.1 (0-16) NR NR NR 

CIN=Contrast Induced Nephropathy; CKD=Chronic Kidney Disease; Cr=Creatinine; CrCl=Creatinine Clearance; GFR=Glomerular Filtration Rate; IV=Intravenous; Mg/dl=Milligrams per decliter; Micromol/L=Micromoles per liter; 
Ml/min/1.73m2=milliliter per minute per 1.73 meters squared; NR=Not Reported; SCr=Serum Creatinine; STEMI=ST Elevation Myocardial Infarction 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy. 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Aspelin, 20031 4 RCT 1999-2001 NR Multi-center Diabetic, serum creatinine 1.5-3.5 mg/dl 3 months prior 
to procedure,. Not pregnant or lactating, no IV 
administration of iodinated contrast media within 7 days 
of the study, no treatment with metformin or non-
steroidal anti-inflammatory drugs, no nephrotoxic drugs 
within 7 days, no serious reaction to iodinated contrast 
media, no newly discovered unstable diabetes, no renal 
transplantation, no serious concomitant disease, no end 
stage renal disease necessitation dialysis. 

Barrett, 20062 3 RCT/ Controlled Yes 2004 to 2005 Outpatient Multi-center >18 years, CE-MDCT imaging of the liver or MDCT 
angiography of the lower-extremity vasculature, CVD; 
NYHA 1-2, moderate to severe Cr.>1.5, not received an 
investigational drug within 30 days before admission to 
the study, not undergone or were scheduled to undergo 
any other radiologic procedure using radiographic 
contrast media from 72 hours before to 7 days after the 
administration of the study agent. No New York Heart 
Association Class III or IV congestive heart failure or 
other medical conditions or circumstances which would 
have substantially decreased the chances of obtaining 
reliable data (eg, hypersensitivity to iodine-containing 
compounds, hyperthyroidism or thyroid malignancies, 
uncontrolled diabetes, unstable renal function, drug 
dependence, psychiatric disorders, dementia). Not 
nursing or pregnant patients, not scheduled to receive 
any medication to prevent CIN (eg, N-acetylcysteine, 
theophylline, fenoldopam or other drug). 

Becker, 20133 3 Non-RCT NR NR NR CT; Serum creatinine < or = 1.4 mg/dl 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Bolognese, 20124 4 RCT/ Controlled Yes 2009 to 2010 Inpatient 
(including ICU) 

Multi-center PCI; Other Risk factors, excluded those who had 
investigational drug  within previous 30 days, IV or IA 
admin of iodinated contrast from 7 days to 72 hours 
before, nephrotoxic medications from 24 hours before or 
after its admitted with STEMI who underwent primary 
PCI <12 hours (18 hours in cardiogenic shock cases). 
Not pregnant, not lactating, no administration of any 
investigational drug within the previous 30 days, no 
intra-arterial or intravenous administration of iodinated 
contrast media from 7 days before to 72 hours after the 
administration of the study agents, no intake of 
nephrotoxic medications 
from 24 hours before to 24 hours after the administration 
of the study agents, no previous participation in this 
study, and an ability to give informed consent to 
participate in the study 

Campbell, 19905 3,4 RCT/ Controlled No 1989 to 1989 Inpatient 
(including ICU) 
Outpatient 

Single-center Non-pregnant patients 

Carraro, 19986 3 RCT/ Controlled trial No 1995 to 1996 NR Single-center >18 years; Intravenous Urography; Other Risk 
factors,The indications for IVU included: nephrolithiasis, 
hematuria, urinary tract neoplasms, voiding disorders, 
genital tract disorders, renal TB. They cannot be 
pregnant or lactating, or have received iodinated 
contrast media within 5 days of the study, or have a 
history of serious reactions to iodinated contrast media, 
or have severe concomitant disease. They also cannot 
be taking potentially nephrotoxic drugs; no pregnancy 
or lactation, no iodinated contrast media administration 
within 5 days of the study, no history of serious reactions 
to iodinated contrast media, no severe concomitant 
disease, and no current assumption of potentially 
nephrotoxic drugs 

Chuang, 20097 3 RCT/ Controlled No 2005 to 2006 Inpatient 
(including ICU) 

Single-center Intravenous pyelography;  T2DM; diabetes with or 
without renal insufficiency; renal insufficiency with or 
without diabetes, no pregnancy, no volume depletion or 
fluid overload, no IV-iodinated CM within seven days, no 
treatment with metformin or NSAID within 48 hours, and 
nephrotoxic drugs within seven days. 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Dillman, 20128 3 RCT/ Controlled No 2008 to 2010 NR Single-center >18years, CT; <1.5, no pregnant patients; no patients 
with a most recent scr measurement of > 1.5 mg/dl (if no 
scr measurement was available, patients received 
contrast material according to departmental guidelines); 
no patients undergoing therapy with agents purported to 
reduce the risk of contrast-induced nephropathy (such 
as N-acetylcysteine or IV hydration); no patients 
undergoing CT who were administered contrast material 
with a lower or higher concentration of iodine (for 
example, 370 mg I/ml contrast material used for CT 
angiography in our department); no patients who had 
experienced any prior allergic like reaction to iodinated 
contrast material; no patients in whom soft-tissue 
extravasation of contrast material of more than 5 ml 
occurred (so that it was not possible to determine how 
much contrast material the patient received as a direct 
IV injection); no patients who were participating in other 
investigational drug, contrast material, or device trial 

Feldkamp, 20069 4 RCT/ Controlled No NR NR NR >18years, elective coronary angiography; no chronic 
kidney disease (GFR of 50 ml/min or less assessed by 
the MDRD formula), acute kidney injury before coronary 
angiography (assessed by serum creatinine), No 
pregnancy, myocardial infarction in the last three weeks, 
decompensated heart failure, mechanical ventilation, 
and patients with cardiogenic shock 

Hardiek, 200810 4 RCT/ Controlled No 2001 to 2002 NR NR >18 years, undergoing diagnostic or interventional 
angiography ; Other Risk factors, History of diabetes, 
Stable serum creatinine levels of <2mg/dl. No 
hypersensitivity to iodine or contrast media. No urinary 
obstruction or evidence of dehydration. No dialysis, 
pregnancy or administration of contrast, theophylline or 
NAC within 24 hours of procedure. 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Hernandez, 
200911 

3 Non-RCT No 2005 to 2007 Inpatient 
(including ICU) 
Outpatient 

Single-center Coronary angiography, with or without PCI, T2DM; being 
treated with insulin and/ or oral hypoglycemic agents, no 
emergency procedure (eg, primary angioplasty) that did 
not allow for adequate patient hydration; no cardiogenic 
shock; no previous heart or kidney transplantation or 
current use of immunosuppressive agents; no renal 
disease requiring dialysis; no administration of CM 
within the previous 7 days; no lack of baseline or 72-
hour postprocedure scr measurement 

Patients enrolled 
during the first 7 
months of the study 
received ioversol 
and those enrolled 
during the following 
11 months received 
iodixanol 

Jakobsen, 199612 3,4 RCT/ Controlled No NR NR NR Predialytic chronic renal failure, Non-diabetic 
Jevnikar, 198813 4 RCT/ Controlled No NR Inpatient 

(including ICU) 
Single-center Coronary catheterization, CVD; controlled CHF; Cr 

>120umol, normal glucose levels, without prior contrast 
medium reaction 

Jo, 200614 4 RCT/ Controlled Yes 2004 to 2004 NR Single-center >19 years, Other Risk factors, Creatinine Clearance 
<60ml/min (using Cockscroft-Gault formula), Not 
pregnant or lactating. Have not received contrast media 
within 7 days of study entry. No emergent coronary 
angiography, acute renal failure, end stage renal 
disease requiring dialysis, hypersensitivity reaction to 
contrast, cardiogenic shock, pulmonary edema, multiple 
myeloma, mechanical ventilation, parenteral use of 
diuretics, use of NAC, use metformin or nonsteroidal 
anti-inflammatoery drugs within 48 hours of procedure. 

Juergens, 200915 4 RCT/ Controlled No 2003 to 2006 NR Multi-center >18 years coronary angiography or PCI,; Cr >130umol-
crcl<60, Exclusion criteria were pregnancy, history of 
anaphylactic reaction to iodinated contrast medium, 
treatment with contrast agents within 7 days, known 
allergies to NAC, cardiogenic shock, current dialysis, 
conditions or circumstances that precluded adequate 
hydration or planned post contrast dialysis 

Koutsikos, 199216 3,4 RCT/ Controlled No NR NR NR Digital vascular imaging; Other Risk factors, Peripheral 
or renal arterial vascular disease, non-diabetic, well-
hydrated patients with satisfactory renal function (serum 
creatinine < 130 micromol/l) (and with peripheral or renal 
arterial vascular disease, as mentioned in the other 
question) 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Kuhn, 200817 3 RCT/ Controlled Yes 2006 to 2007 Inpatient 
(including ICU) 

Multi-center >18 years, CT angiography or CT of the brain, head and 
neck, thorax, abdomen, or pelvis, CVD; NYHA I-III, 
stable moderate to severe chronic kidney disease 
(estimated glomerular filtration rate [GFR] = 20–59 ml/ 
min/1.73 m2), Other Risk factors, controlled Diabetes 
type 1 or 2, no pregnant or lactating patient, no 
hypersensitivity to iodine containing compounds, no 
hyperthyroidism, not received any iodinated contrast 
agent within 7 days before the administration of the 
investigational product, not scheduled to receive an 
iodinated contrast agent within 72 hours after 
administration of the investigational product, not 
received any nephrotoxic medication (chemotherapeutic 
agents, non-steroidal anti-inflammatory drugs other than 
acetylsalicylic acid up to 325 mg/d) within 24 hours 
before to 24 hours after the administration of the study 
agent, no medical condition or circumstances that would 
have substantially decreased the chances of obtaining 
reliable data 

Laskey, 200918 3,4 RCT/ Controlled No 2005 to 2007 Inpatient 
(including ICU) 

Multi-center >18 years, coronary angiography with or without 
percutaneous coronary intervention, excluded; CKD of 
non-acute etiology scr measurement not older than 6 m 
≥150 µmol/L (1.7 mg/dl) for men and ≥133 µmol/L (1.5 
mg/dl) for women or a creatinine clearance ≤50 ml/min, 
Other Risk factors, DM I or II, treated with insulin or oral 
antiglycemics for at least 1 year, non childbearig 
potential or if of childbearing potential the results of a 
serum or urine human chorionic gonadotropin 
pregnancy test, performed at screening, with the result 
known before contrast media administration, was 
negative, 
the subject was not planned to undergo major surgery 
(coronary artery bypass graft, carotid endarterectomy, 
vascular surgery) within 3 days after the contrast media 
administration, 
the subject was not planned to undergo selective renal 
angiography, 
no history of serious hypersensitivity reaction to 
iodinated contrast media, 
no history of severe liver or hematologic disease, 
multiple myeloma, or manifest thyrotoxicosis, severe 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Laskey, 200918 heart failure requiring intravenous therapy with diuretics, 
(cntinued) inotropes, and/or vasodilators, the subject was not planned 

to receive an intravenous diuretic or intravenous mannitol in 
connection to the contrast media administration, 
not hemodynamically unstable prestudy (ie, inability to 
sustain systolic blood pressure 90 mm Hg within 48 hours 
before contrast media administration without 
pressor or balloon support), not on hemodialysis or 
peritoneal dialysis, and/or was not in acute renal failure, the 
subject had not undergone kidney transplantation, the 
subject had not received or would not receive any of the 
following potentially nephroprotective drugs within 3 days 
before or 3 days after contrast media administration; N-
acetylcysteine, fenoldopam, dopamine or hydration with 
sodium bicarbonate (Potentially nephroprotective drugs such 
as Ca-channel blockers, theophylline, etc, were allowed 
provided they were used for treatment of the subject's 
chronic underlying disease), the subject had not received or 
was not planning to receive any of the following nephrotoxic 
drugs within 7 d before or 3 d after contrast media 
administration; aminoglycosides, vancomycin, amphotericin 
B, cyclosporin, methotrexate, cisplatin, the subject had not 
received or was not planning to receive nonsteroidal 
anti-inflammatory drugs within 3 d before or 3 d after 
contrast media administration, with the exception of low 
doses of acetyl salicylic acid (up to 325 mg/d, and at a single 
occasion in connection with percutaneous coronary 
intervention up to 500 mg). However, subjects who were on 
a stable non-steroidal regimen could be enrolled, the subject 
had not or was not planning to have the initiation, 
discontinuation, or change in dose within 3 d before or 3 d 
after contrast media administration of any of the following: 
trimethoprim, cimetidine, angiotensin converting enzyme 
inhibitors, or angiotensin receptor blockers, the subject was 
not on metformin (eg, Glucophage, Bristol-Meyers- Squibb, 
New York, NY) at the time of coronary angiography/ 
intervention. Metformin had to be discontinued according to 
local guidelines, and stopped no later than the time of CM 
administration, withheld for at least 48 h, until the subject's 
scr had been evaluated and it was deemed safe to resume 
metformin. 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Limbruno, 201319 4 RCT/ Controlled No NR NR NR Undergoing coronary angiography and/or PCI; 
Creatinine clearance < or equal to 60ml/min. No 
allergies to iodinated contrast media. No prior contrast 
administration 1 month prior. Not currently using non-
steroidal anti-inflammatory drugs. No acute ST-elevation 
myocardial infarction or cardiogenic shock. 

Mehran, 200920 4 RCT/ Controlled No 2000 to 2002 Inpatient 
(including ICU) 

Single-center 150 consecutive imaging with min 100ml of parenteral 
CM (both IV and IA; Not pregnant. No contradictions to 
theophylline or acetylcysteine. Stable renal function with 
2day fluctuation below 0.4 mg/dl. No previous 
examinations within 4 days of procedure. 

Millward, , 199621 3,4 Non-RCT No 1993 to 1993 NR NR >18<80 years. Abdominal aortography- abdominal 
aortography, renal arteriography- iv ctap- aortography, 
carotid arteriography. Excluded: non pregnant and non-
lactating women. 

Nguyen, 200822 3 RCT/ Controlled No 2004 to 2006 Inpatient 
(including ICU) 

Single-center >18 years Clinically indicated Contrast enhanced CT; 
excluded, Cr >1.5 -GFR <60, No pregnancy; no 
lactation; no administration of iodinated contrast media 
within 7 days prior to study entry; no history of 
anaphylaxis to iodinated contrast medium; no acute 
renal failure; no heart or kidney transplant or otherwise 
treated with cyclosporine or tacrolimus; no patients 
receiving other potentially nephrotoxic drugs; no 
administration of dopamine, mannitol, or theophylline 24 
hours prior to enrollment; and no administration of non-
steroidal anti-inflammatory drugs other than aspirin 
within 48 hours prior to enrollment. 

Nie, 200823 4 RCT/ Controlled No NR Outpatient Single-center Elective coronary, carotid or peripheral angiography 
and/or PTCA and stenting,; serum creatinine 
concentrations ≥0.13 mmol/l, No allergy to the study 
medication, absence of unstable renal function 
(creatinine rising by 
≥0.04 mmol/(l day),patients not on dialysis, No 
uncontrolled asthma, pregnant or breastfeeding. 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Rudnick, 200824 4 RCT/ Controlled Yes 2001 to 2004 NR Multi-center >18 years, Cardiac angiography with or without PCI; no 
end-stage renal disease requiring dialysis or organ 
transplantation; CKD ( ≥ 1.7 mg/dl for men and ≥ 1.5 
mg/dl for women), Exclusion criteria included acute 
cause(s) for the elevated serum creatinine (Scr) value or 
a Scr value unstable by >0.5 mg/dl within 10 days of 
study entry; hemodynamic instability prestudy; 
pregnancy; lactation; intravascular administration of 
iodinated CM within 7 days before study entry; a 
requirement for additional intravascular iodinated CM for 
any purpose between 8 and 72 hours after initial CM 
administration; the scheduling of a major surgical 
intervention within 72 hours after the study procedure; 
the administration of theophylline, fenoldopam, or 
mannitol within 7 days before or 72 hours after contrast 
administration; the initiation, discontinuation, or change 
in dose of any of the following — trimethoprim, 
cimetidine, angiotensin-converting enzyme inhibitor, or 
angiotensin receptor blocker —within 72 hours before 
study entry; initiation of nephrotoxic agents, or non-
steroidal anti-inflammatory drugs within 72 hours of 
study entry; current use of metformin; severe liver or 
hematologic disease; severe heart failure or a history of 
serious reaction to intravascular iodinated CM 

Serafin, 201125 3 RCT/ Controlled No NR Inpatient 
(including ICU) 

Single-center >18 years, cerebral angiography or angiography with 
endovascular embolization egfr>30 ml / min / 1.73 m2 no 
history of adverse reactions to any previously 
administrated iodinated CM, not suspected of 
hyperthyroidism, not pregnant, no contrast-enhanced 
imaging within 7 days of the study 

Shin, 201126 4 RCT/ Controlled No 2000 to 2001 NR Single-center >18 years, cardiac angiography; baseline serum 
creatinine > 1.7 mg/dl.; no patient unable to provide 
informed consent, no evidence of active atheroembolic 
disease, including but not limited to blue toes, livedo 
reticularis or eosinophilia, no known prior insensitivity to 
acetylcysteine, no severe asthma, no breast feeding 
women, no severe peptic ulcer disease, or respiratory 
depression, no women off contraception, no patients 
with serum creatinine measurements varied by more 
than 15% in the three days before angiography 
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Evidence Table 2 - Study characteristics for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, Year 
Key 
Question Design 

Sub group 
analysis 

Recruitment 
date 

Recruitment 
setting 

Multi or 
single center Inclusion criteria Comments 

Solomon, 200727 4 RCT/ Controlled Yes 2005 to 2006 NR Multi-center >18 years, diagnostic cardiac angiography or 
percutaneous coronary interventions, moderate to 
severe CKD, Criteria for exclusion were pregnancy, 
lactation, administration of any investigational drug 
within the previous 30 days, intraarterial or intravenous 
administration of iodinated CM from 
7 days before to 72 hours after the administration of the 
study agents, medical conditions or circumstances that 
would have substantially decreased the chances to 
obtain reliable data (New York Heart Association class 
IV congestive heart failure, hyper-sensitivity to iodine-
containing compounds, hyperthyroidism or thyroid 
malignancies, uncontrolled diabetes mellitus, unstable 
renal function, drug dependence, psychiatric disorders, 
dementia), administration of any medication to prevent 
CIN other than N-acetylcysteine (NAC), or intake of 
nephrotoxic medications from 24 hours before to 24 
hours after the administration of the study agent. 

Solomon, 200928 4 RCT/ Controlled Yes 2006 to 2008 Reported in 
CARE study 

Multi-center All listed in CARE Same protocol as 
CARE, just after 12 
months. 
All data is the same. 
The only new data is 
AEs 

Wessely, 200929 4 RCT/ Controlled Yes 2006 to 2007 NR NR >18years, coronary angiography with a possibility of 
bypass graft or percutaneous intervention, Serum 
creatinine >1.5mg/dl measured 24 hours before 
procedure, Not pregnant, not lactating, no intravascular 
administration of iodine containing contrast within 7 
days, no renal transplant, no cardiogenic shock, no end-
stage renal disease necessitating hemodialysis, and an 
ability to give informed consent, not taking nephrotoxic 
drugs. 

Zo'o, 201130 3 RCT/ Controlled No 2004 to 2006 NR Single-center >18years, coronary angiography; serum creatinine ≥ 1.2 
mg/dl or a creatinine clearance < 50 ml/min, no acute 
inflammatory disease, no  medication with NSAID or 
metformin up to 3 days before entering study, no 
abnormal findings in physical examinations, e.g. Signs 
of dehydration or inflammation 

AE=Adverse Events; Ca=Calcium; CARE= Cardiac Angiography in Renally Impaired Patients; CE-MDCT; CHF=Congestive Heart Failure; CIN=Contrast Induced Nephropathy; CKD=Chronic Kidney Disease; 
CM=Contrast Media; Cr=Creatinine; CT= Computerized Tomography; CVD=Cardiovascular Disease; D=Days; DM=Diabetes Mellitus; eGFR=Estimated Glomerular Filtration Rate; GFR=Glomerular Filtration Rate; 
H=hours; IA=Intrarterial; ICU=Intensive Care Unit; IV=Intravenous; IVU=Intravenous Urogram; MDCT; MDRD=Modification of Diet in Renal Diseases; Mg/dl=Milligrams per Deciliter; Mg=Milligrams; 
Micromol/L=Micromoles per liter; Ml/min/1.73m2=milliliter per minute per 1.73 meters squared; NAC=N-acetylcysteine; NSAID=Non-steroidal Anti-inflammatory Drug; NYHA=New York Heart Association; 
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PCI=Percutaneous Coronary Intervention; PTCA=Percutaneous transluminal Coronary Angioplasty; RCT=Randomized Controlled Trial; SCr=Serum Creatinine; STEMI=ST Elevated Myocardial Infarction; T2DM=Type 
2 Diabetes Mellitus; TB=Tuberculosis 
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Evidence Table 3 - Interventions for studies comparing contrast media for the prevention of contrast induced nephropathy. 

Author, year ARM Description Administration route Dose, duration, other details Comment 
Aspelin, 20031 1 

2 

Iodixanol IA Varied and not standardized All patients well hydrated prior to procedure. 
Recommended: 500ml hydration orally, and 
500ml saline IV before angiography followed 
by 1 L 0.9 percent saline 

Iohexol IA Varied and not standardized 

Barrett 2006 2 2 Iodixanol IV 40+/-1.3 gI - 0.6 +/-0.1 gI/kg 

3 Iopamidol IV 40+/-1.3 gI - 0.6 +/-0.1 gI/kg 

Becker, 2013 3 1 Iopamidol IV NR 

2 Iohexol IV NR 

3 Iopromide IV NR 

4 Iodixanol IV NR 

Bolognese, 2012 4 1 Iopromide IA "as necessary for each patient", N-acetylcysteine used in all pts: 1200 mg IV 
diluted with 100 ml 5% glucose during procedure and 1,00 mg orally twice daily 
for next 48 hours after PC; all its underwent hydration with IV isotonic saline 
(0.9%) at rate of 1 ml/kg/hr for 12 hours or 0.5 ml/kg/hr for 12 hours in cases of 
overt heart failure 

IA balloons, inotropic drugs, abciximab, beta-
blockers, ACE inhibitors, diuretics at 
discretion of interventional and CCU 
cardiologists 

2 Iodixanol IA "as necessary for each patient", N-acetylcysteine used in all pts: 1200 mg IV 
diluted with 100 ml 5% glucose during procedure and 1,00 mg orally twice daily 
for next 48 hours after PC; all its underwent hydration with IV isotonic saline 
(0.9%) at rate of 1 ml/kg/hr for 12 hours or 0.5 ml/kg/hr for 12 hours in cases of 
overt heart failure 

Campbell, 1990 5 1 Ioxaglate IV, IA NR CM given EITHER IV OR IA PER PATIENT. 
Clinical Outcomes reported only for IA but 
AEs reported for both 

(the articles says that the patients were 
randomized to be given one of the three 
agents "for a variety of arterial and central 
and peripheral studies'. 

ARM 1 is not actually a "control" group. All 
three arms are treatment groups. 

2 Iohexol IV, IA NR 

3 Iopamidol IV, IA NR 
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Evidence Table 3 - Interventions for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year ARM Description Administration route Dose, duration, other details Comment 
Carraro, 1998 6 2 Iodixanol IV 600 mgI/kg b. w, , preheated to 37 degrees 

3 Iopromide IV 600 mgI/kg b. w, , preheated to 37 degrees 

Chuang, 2009 7 2 Iodixanol IV About 0.8 mL/kg for each IVP procedure All patients were hydrated with 0.9% saline 1 
mL/kg/hr 8–12 hours before and after IVP 

3 Iohexol IV about 0.8 mL/kg f r each IVP procedure 

Dillman 2012 8 2 Iopamidol IA 100-150 ml 

3 Iohexol IV 100-150 ml 

Feldkamp 2006 9 2 Iodixanol NR CM: 320 mg iodine/ ml. All patients received normal saline IV hydration before, 
during and after procedure 

3 Iopromide NR CM: 320 mg iodine/ ml. All patients received normal saline IV hydration before, 
during anf after procedure 

Hardiek 2008 10 2 Iodixanol IA 320mg/ml, mean total iodine 46g (SD 20) 

3 Iopamidol IA 320mg/ml, mean total iodine 46g (SD 20) 

Hernandez 2009 11 2 Ioversol NR 195.5mls+/-92.1 Prophylactic volume expansion with 1000 mL 
intravenous normal saline was administered 
for 6 to 12 hours before the procedure (100 to 
150 mL/h) and an oral dose of 1200 mg N-
acetylcysteine (NAC) (Fluimucil®, Zambon, 
Milan, Italy) was administered 6 hours before 
and 6 hours after the procedure 

3 Iodixanol NR 195.5mls+/-92.1 

Jakobsen 1996 12 2 Iodixanol NR Mean: 0.34 g I/kg b.w. (Range: 0.25-0.48) 

3 Iohexol NR Mean: 0.34 g I/kg b.w. (Range: 0.25-0.48) 

Jevnikar 1988 13 2 Ioxaglate IA 0.70+/-0.05 g Iodine/kg/body weight, total iodine 61.5+/-3.2 

3 Iohexol IA 0.70+/-0.05 g Iodine/kg/body weight, total iodine 61.5+/-3.2 

4 Diatrizoate IA 0.70+/-0.05 g Iodine/kg/body weight, total iodine 61.5+/-3.2 

Jo 2006 14 2 Iodixanol IA Mean dose: 204.6ml (SD 159.2) Contrast media dose not set through 
protocol. Only given mean dosage. 

3 Ioxaglate IA Mean dose: 204.6ml (SD 159.2) 
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Evidence Table 3 - Interventions for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year ARM Description Administration route Dose, duration, other details Comment 
Juergens 2009 15 2 Iopromide IA Iodine concentration: 370 mg/ml, , Four doses of NAC were given orally(600 mg 

b.i.d.),starting the day before contrast administration. Saline (0.9%) was given 
intravenously so that patients received at least 500 mL before the procedure. 
atientsalsoreceived130 mL/h for at least 3 h post procedure in addition to liberal 
oral fluid intake 

3 Iodixanol IA iodine concentration: 370 mg/ml, , Four doses of NAC were given orally(600 mg 
b.i.d.),starting the day before contrast administration. Saline (0.9%) was given 
intravenously so that patients received at least 500 mL before the procedure. 
atientsalsoreceived130 mL/h for at least 3 h post-procedure in addition to liberal 
oral fluid intake 

Koutsikos, 1992 16 2 diatrizoate (also 
known as 
Urografin 76%) 

IA 103.33+/-45.09 mL (mean iodine content 38.75 +/- 16.91 g) 

3 Ioxaglate IA 133.33+/-61.1 mL (mean iodine content 42.66 +/- 19.55 g) 

4 Iohexol IA 132.69+/-56.88 mL (mean iodine content 39.81 +/- 17.06 g) 

Kuhn 2008 17 2 Iopamidol IV mean=106.5 mL, range = 66–185 mL all patients at risk (deemed clinically 
necessary or desirable) received prophylaxis 
for CIN via hydration before, during, or after 
contrast administration 

3 Iopamidol IV mean=106.5 mL, range = 66–185 mL 

Laskey 2009 18 2 Iodixanol IA NR 

3 Iopamidol IA NR 

Limbruno 2013 19 2 Iodixanol IA 320 mg/ml All patients given 0.9% saline at 1 ml/kg/h, for 
12 hours before and for 12 hours after 
procedure. 

3 Iobitridol IA 320 mg/ml 

Mehran 2009 20 2 Iodixanol IA Mean: 48.1 min (SD 35.5) Patients received diphenydramine 
25 mg IV before procedure as well as 
intravenous one-half isotonic saline at 100 
ml/h for at least 3 to 5 h before the index 
procedure, throughout the angiographic 
interventional procedure, and for at least 12 h 
after CM administration. 

3 Ioxaglate IA NR 
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Evidence Table 3 - Interventions for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year ARM Description Administration route Dose, duration, other details Comment 
Millward 1996 21 2 Ioxaglate IV, IA NR 

3 Ioversol IV, IA NR 

Nguyen 2008 22 2 Iodixanol IV 115ml 

3 Iodixanol IV 115ml 

Nie 2008 23 2 Iodixanol IA 320 mg I/mL, Patients received prophylactic volume expansion with 1,000 mL 
intravenous normal saline at a rate of 1.0 to 1.5 mL/kg/hr for 4 hr before and 
continuing for 6 hr after the procedure 

All patients received clopidogrel (300 mg) 
before the intervention. Clopidogrel (75 
mg/day) was continued for 2 weeks in 
patients who did not undergo PCI, whereas 
patients who underwent PCI received 
clopidogrel (75 mg/day) and aspirin (100 to 
300 mg/day)for 9 months 

3 Iopromide IA 370 mg I/mL, patients received prophylactic volume expansion with 1,000 mL 
intravenous normal saline at a rate of 1.0 to 1.5 mL/kg/hr for 4 hr before and 
continuing for 6 hr after the procedure 

Rudnick 2008 24 2 Iodixanol IA 320 mg-I/ml, sodium chloride solution (0.9%) was infused intravenously at 125 
mL/h for at least 2 hours before and at least 6 hours after CM administration. 
Oral fluid intake was encouraged ad libitum. Use of NAC was left to the 
investigator's discretion 

3 ioversol IA 320 mg-I/ml, sodium chloride solution (0.9%) was infused intravenously at 125 
mL/h for at least 2 hours before and at least 6 hours after CM administration. 
Oral fluid intake was encouraged ad libitum. Use of NAC was left to the 
investigator's discretion 

Serafin 2011 25 2 Iopromide IA 151.2 +/- 52.1 mL 

3 Iodixanol IA 151.2 +/- 52.1 mL 

Shin 2011 26 2 Iodixanol IA Mean: 179.0 +/- 127.2 Patients received intravenous normal saline 
at a rate of 1 ml/kg/hour >/= 8 hours before 
and after CAG. The use of N-acetylcysteine 
was allowed at the attending physician’s 
discretion. 

3 Iopromide IA Mean: 179.0 +/- 127.2 
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Evidence Table 3 - Interventions for studies comparing contrast media for the prevention of contrast induced nephropathy (continued). 

Author, year ARM Description Administration route Dose, duration, other details Comment 
Solomon 2007 27 2 Iopamidol IA 796 mOsm/kg, all patients received prophylactic volume expansion with isotonic 

sodium bicarbonate solution, administered at 3 mL/kg per hr for 1 hour before 
angiography, and at 1 mL/kg per hr during angiography and for 6 hours after 
angiography. Each site chose whether they would administer a prophylactic 
NAC regimen to all of its patients, a regimen that consisted of an oral dose of 
1200 mg twice per day administered on the day before and the day of the study 
procedure 

3 Iodixanol IA 796 mOsm/kg, all patients received prophylactic volume expansion with isotonic 
sodium bicarbonate solution, administered at 3 mL/kg per hr for 1 hour before 
angiography, and at 1 mL/kg per hr during angiography and for 6 hours after 
angiography. Each site chose whether they would administer a prophylactic 
NAC regimen to all of its patients, a regimen that consisted of an oral dose of 
1200 mg twice per day administered on the day before and the day of the study 
procedure 

Solomon 2009 28 1 Iodixanol IA NR 

2 Iodixanol IA NR 

3 Iopamidol IA NR 

Zo'o 2011 30 2 Iobitridol IV 2 ml/kg body weight, maximum 100 ml 

3 Iodixanol IV 2 ml/kg body weight, maximum 100 ml 

ACE=Angiotensin Converting Enzyme; AE=Adverse Events; b.i.d=Bi-daily; b.w=Bi-weekly; CAG=Coronary angiogram; CCU=Coronary Care Unit; CM=Contrast Media; hr=Hour; IA=Intrarterial; IV=Intravenous; 
IVP=Intravenous Pyelogram; kg=kilogram; Kg=kilograms; Mg=milligrams; ml=milliliter; mOsm/kg=milliosmoles per kilogram; NAC=N-acetylcysteine; NR=Not Reported; PC=Post Cibum; PCI=Percutaneous Coronary 
Intervention; Pts=parts; SD=Standard Deviation 
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Evidence Table 4. Summary of randomized controlled trials comparing low-osmolar contrast media with contrast-induced nephropathy as an outcome. 

Author, year Location LOCM Route N Population Procedure 
Mean age, 
y Females, % Primary outcome Risk of bias 

Campbell, 19905 N. America Iohexol, 
Ioxaglate, 
Iopamidol 

IA 252 General Peripheral arterio-
graphy 

58 45 Change in serum creatinine within 72 hours for 
those with detectable increase 

H 

Jevnikar, 198813 N. America Iohexol, 
Ioxaglate 

IA 16 No renal impairment Coronary 56 17 Change in serum creatinine after 20 hours H 

Koutsikos, 199216 Europe Iohexol, 
Ioxaglate 

IA 40 No renal impairment Renal 56 20 Change in serum creatinine after 24 hours H 

Becker, 20133 N. America Iohexol, 
Iopamidol, 
Iopromide 

IV 113 No renal impairment CT 52 54 Change in GFR within 72 hours M 

Dillman, 20128 N. America Iohexol, 
Iopamidol 

IV 389 No renal impairment CT 56 52 Development of CIN. Change in serum creatine 
>0.5mg/dl from baseline in 2 days 

L 

CT=computerized tomography; GFR=glomerular filtration rate; H=high risk of bias; IA=intra-arterial; IV=intravenous; L=low risk of bias; LOCM=low-osomolar contrast media; M=medium risk of bias; N. America=North America; 
N=sample size; Y=year 

E-­‐47 



              
 

    

 
 

 

 

 

 
 

 

  
  

 

 

 
  

 
 

   
 
      

 
  

 

 

 
  

 
  

    
  

  

  

   
 

  

 

     
 

         

    
  

  

  

   
 

  
 

 

              

 
 

  
 

  

 
   

   
  

    
 

       

 
 

  
 

  

 
   

   
  

             

 
 

  
 

  

 
   

   
  

             

 
 

  
 

  

  
 

 
   
  

 

 
 

  
 

    
 

    

Evidence Table 5a – Comparison between low-osmolar contrast media: prevention of contrast induced nephropathy (categorical data). 

Author, year Outcome Measure 

Subgroup 
(not a 
subgroup is 
column is 
left blank) 

Intervention 

ARM 

Time 
Point 
1 

Time 
point 1 N 
analyzed 

n (%) with 
outcome 
at time 
point 1 

Comparison* 
statistics at 
time point 1 

Time 
Point 2 

Time 
point 2 N 
anlayzed 

n (%) with 
outcome 
at time-
point 2 

Com-
parison 
statistics 
at time 
point 2 

Dillman, 20128 Development of 
CIN (change in 
Creatinine or 
GFR--specify)--
short term 

Change in serum 
creatine 
>0.5mg/dl from 
baseline in 2 
days 

Iopamidol 2 2 or 3 
days 

199 1 (1) p=0.62 

Dillman, 20128 Development of 
CIN (change in 
Creatinine or 
GFR--specify)--
short term 

Change in serum 
creatine 
>0.5mg/dl from 
baseline in 2 
days 

Iohexol 3 190 1 (2) 

Campbell, 
19905 

Change in 
Serum 
creatinine--
short term 

any rise in serum 
cr (yes or no) 
and mean 
change in serum 
cr (micromol/L) 

Ioxaglate 1 72 
hours 

161 109 

Campbell, 
19905 

Change in 
Serum 
creatinine--
short term 

any rise in serum 
cr (yes or no) 
and mean 
change in serum 
cr (micromol/L) 

Iohexol 2 158 96 

Campbell, 
19905 

Change in 
Serum 
creatinine--
short term 

any rise in serum 
cr (yes or no) 
and mean 
change in serum 
cr (micromol/L) 

Iopamidol 3 159 103 

Campbell, 
19905 

Change in 
Serum 
creatinine--
short term 

any increase in 
serum cr 
(umol/L) (yes or 
no) and the 
mean change in 
serum cr 
(micromol/L) 

intra-arterial 
injection 

Ioxaglate 1 72 
hours 

95 67 (71) All arms 
P >=0.05 
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Evidence Table 5a – Comparison between low-osmolar contrast media: prevention of contrast induced nephropathy (categorical data) (continued). 

Author, year Outcome Measure 

Subgroup 
(not a 
subgroup is 
column is 
left blank) 

Intervention 

ARM 

Time 
Point 
1 

Time 
point 1 N 
analyzed 

n (%) with 
outcome 
at time 
point 1 

Comparison* 
statistics at 
time point 1 

Time Point 
2 

Time 
point 2 
N 
anlyzed 

n (%) with 
outcome 
at time-
point 2 

Com-
parison 
statistics 
at time 
point 2 

Campbell, 19905 Change in 
Serum 
creatinine--short 
term 

any increase in 
serum cr (umol/L) 
(yes or no) and 
the mean change 
in serum cr 
(micromol/L) 

intra-arterial 
injection 

Iohexol 

2 67 47 (70) 

Campbell, 19905 Change in 
Serum 
creatinine--short 
term 

any increase in 
serum cr (umol/L) 
(yes or no) and 
the mean change 
in serum cr 
(micromol/L) 

intra-arterial 
injection 

Iopamidol 

3 90 68 (76) 

%=percent; CIN=contrast induced nephropathy; Cr=creatinine; GFR=glomerular filtration rate; Mg/dl=milligram per decliter; Micromole/L=micromole per liter; n=number of events; N=sample size; P=p-value; Umol/l=micromole per liter 
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Evidence Table 5b – Comparison between low-osmolar contrast media: prevention of contrast induced nephropathy (continuous data). 

Author, yr Outcome 
Measur 
e Sub-group Intervention 

AR 
M 

Baseline 
N 
analyzed 

Mean 
(SD)* 

Time 
Point 
1 

Time 
point 1 N 
analyzed 

Mean 
(SD)* 

Com-
parison 
statistics 
at time 
point 1† 

Time 
Point 
2 

Time 
point 2 N 
analyzed Mean (SD)* 

Com-parison 
statistics at 
time point 2† 

Becker, 
20133 

Change in 
GFR (eGFR)-
-short term 

% Iopamidol 1 3 
hours 

median=+ 
5 

72 
hours 

median=-5 p=>0.18 

Change in 
GFR (eGFR)-
-short term 

% Iohexol 2 median=+ 
1 

Median=-
2.5 

Change in 
GFR (eGFR)-
-short term 

% Iopromide 3 median, 
+5 

median, 
+10 

Change in 
GFR (eGFR)-
-short term 

% Iodixanol 4 median, median, +9 

Dillman, 
20128 

Change in 
GFR (eGFR)-
-short term 

Iopamidol 2 2 
days 

199 -1.95 
(13.86), 
(95% CI: -
3.98 to 
0.09), 
p=0.055 

p=0.16 3 
days 

199 -1.87 
(13.15) 
(95% CI: -
3.82 to 
0.09), 
p=<0.0001 

p=0.16 

Change in 
GFR (eGFR)-
-short term 

Iohexol 3 190 -5.34 
(16.74), 
(95% CI:-
7.84 to -
2.85)p=<0 
.0001 

190 -3.68(-3.68) 
(95% CI: -
6.12 to -
1.24) 

Jevnikar, 
198813 

Serum 
creatinine--
short term 

umol/l Ioxaglate 2 8 110 (5) 4 
hours 

8 111 () All arms 
p=NS 

20 
hours 

8 120 (8) P=ns 

Serum 
creatinine--
short term 

umol/l Iohexol 3 8 110 (5) 8 108 (5) 8 112 (5) 

Serum 
creatinine--
short term 

umol/l Diatrizoate 4 7 107.5 
(8) 

7 108 (6) 7 120 (12) 
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Evidence Table 5b – Comparison between low-osmolar contrast media: prevention of contrast induced nephropathy (continuous data) (continued). 

Author, yr Outcome 
Measur 
e Sub-group Intervention 

AR 
M 

Baseline 
N 
analyzed 

Mean 
(SD)* 

Time 
Point 
1 

Time 
point 1 N 
analyzed 

Mean 
(SD)* 

Com-
parison 
statistics 
at time 
point 1† 

Time 
Point 
2 

Time 
point 2 N 
analyzed Mean (SD)* 

Com-parison 
statistics at 
time point 2† 

Koutsikos, 
199216 

Serum 
creatinine--
short term 

micromo 
l/L 

Intra venous 
contrast 
administrati 
on 

diatrizoate 
(also known 
as Urografin 
76%) 

2 20 90.17 
(3.79) 

24 
hours 

20 93.82 
(4.59) 

P=NS 
(compared 
to baseline) 

Ioxaglate 3 20 88.53 
(4.72) 

20 96.64 
(6.33) 

P=NS 
(compared 
to baseline) 

Iohexol 4 20 82.58 
(2.96) 

20 82.75 
(3.95) 

P=NS 
(compared 
to baseline) 

Koutsikos, 
199216 

Serum 
creatinine--
short term 

micromo 
l/L 

Intra arterial 
contrast 
administrati 
on 

diatrizoate 
(also known 
as Urografin 
76%) 

2 20 76.2(6.4 
5) 

24 
hours 

20 83.2 
(4.73) 

P=NS 
(compared 
to baseline) 

Ioxaglate 3 20 76.0 
(8.88) 

20 86.5(8.25) P=NS 
(compared 
to baseline) 

Iohexol 4 20 68.78 
4.1) 

20 78.8 
(7.14) 

P=NS 
(compared 
to baseline) 

%=percent, CI=Confidence Interval, CIN=Contrast Induced Nephropathy, ClCr=Creatinine Clearance, cr=Creatinine, eGFR=estimated Glomerular Filtration Rate, H=Hours, Hrs=Hours, Mg/dl=milligrams per deciliter, 
Ml=milliliter, N=Sample size, NR=Not reported, Ns=Not significant, P=p-value, PCI=percutaneous coronary intervention, SCr=Serum Creatinine, Umol/L=micromole per liter 
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Evidence Table 6 – Comparison between low-osmolar contrast media reporting on other outcomes. 

Author, year Comparison Mortality N/n (%) Adverse events N/n (%) 
Campbell, 19905 Arm 2: Iohexol 

Arm 3: Iopamidol 
Death (within a few weeks): 
Both arms” 320/8 (2.5) 
P=NR 

Hypersensitivity, nausea, vomiting, hives: 
Arm 2 161/20 (8) 
Arm 3:159/7 (4.4) 
P=NR 

n=number of events; N=total sample size; NR=not reported; P=p-value 
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Table 7. Summary of randomized controlled trials comparing iso-osmolar and low osmolar contrast media with contrast-induced nephropathy as a primary outcome. 

Author, year Location LOCM Route N Population Procedure 
Mean 
age, y 

CIN 
defin-
ition* IOCM group 

LOCM 
group P value† 

Follow-up, 
hours 

Primary 
result 
RR(95%CI) 

Study 
limita-tions 

Aspelin, 20031 Europe Iohexol IA 129 Renal impairment 
and diabetes 

Coronary, 
Aortofemoral 

71 A2 2/64 17/65 0.0003 72 0.1 (0.0,0.6) M 

Bolognese, 20124 Europe Iopromide IA 475 Myocardial 
infarction 

Coronary 66 A1 30/231 23/234 0.3 72 1.3 (0.8, 2.1) L 

Feldkamp, 20069 Europe Iopromide IA 83 No renal 
impairment 

Coronary 62 A1 9/105 8/116 0.8 48 1.2 (.5, 3.1) H 

Hardiek, 200810 N. America Iopamidol IA 106 Diabetes Coronary 66 A1 7/54 10/48 0.3 168 0.7 (0.3, 1.6) L 
Hernandez, 200911 Europe Ioversol IA 250 Diabetes Coronary 70 A3 3/118 11/132 0.06 72 0.3 (0.1, 1.1) H 
Jakobsen, 199612 Europe Iohexol IA 16 Renal impairment Aorta, pelvic 55 A1 0/8 1/8 1.0 120 0.4 (0.0, 8.0) M 
Jo, 200614 Asia Ioxaglate IA 275 Renal impairment Coronary 67 A3 11/140 23/135 0.03 48 0.5 (0.3, 1.0) M 
Juergens, 200915 Australia iopromide IA 382 Renal Impairment coronary 70 A3 11/91 15/100 0.7 48 0.8 (0.4, 1.7) L 
Laskey, 200918 Europe, Asia iopamidol IA 418 Renal Impairment 

And Diabetes 
coronary 70 A2 24/214 20/203 0.8 72 1.1 (0.6. 2.0) M 

Limbruno, 201319 Europe iobitridol IA 113 Renal Impairment coronary 76 A1 6/57 6/56 1.0 72 1.0 (0.3, 2.9) H 
Mehran, 200920 N. America ioxaglate IA 146 Renal Impairment coronary 71 A3 11/72 18/74 0.2 72 0.7 (0.3, 1.3) M 
Nie, 200823 Asia iopromide IA 208 Renal Impairment coronary 61 A3 6/106 17/102 0.01 72 0.4 (0.2, 0.9) M 
Rudnick, 200824 N. America ioversol IA 299 Renal Impairment coronary 72 A2 34/156 34/143 0.8 72 0.9 (0.6, 1.4) L 
Serafin, 201125 Europe iopromide IA 92 Neurosurgical cerebral 50 A3 8/44 13/48 0.3 72 0.7 (0.3, 1.6) M 
Shin, 201126 Asia iopromide IA 420 Renal Impairment coronary 72 A3 23/215 16/205 0.3 48 1.3 (0.7, 2.5) L 
Solomon, 200727 N. America iopamidol IA 414 Renal Impairment coronary 71 A1 26/210 20/204 0.4 45-120 1.2 (0.7, 2.1) M 
Wessely, 200929 Europe iomeprol IA 324 Renal Impairment coronary 74 A3 36/162 45/162 0.3 NR 0.8 (0.6, 1.2) M 
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Table 7. Summary of randomized controlled trials comparing iso-osmolar and low osmolar contrast media with contrast-induced nephropathy as a primary outcome (continued). 

Author, year Location LOCM Route N Population Procedure 
Mean age, 
y 

CIN 
defin-
ition* IOCM group 

LOCM 
group P value† 

Follow-up, 
hours 

Primary 
result 

Study limit-
ations 

Barrett, 20062 Asia Iopamidol IV 166 Renal impairment CT 67 A1 3/76 3/77 1.0 48-72 1.0 (0.2,4.9) L 
Becker, 20133 N. America Iohexol, 

Iopamidol, 
Iopromide 

IV 113 No renal 
impairment 

CT 52 NR NR NR NR NR NR M 

Carraro, 19986 Europe Iopromide IV 64 Renal impairment IVU 68 A4 1/32 0/32 1.0 24 2.9 (0.1, 
68.9) 

H 

Chuang, 20097 Asia Iohexol IV 50 Renal impairment 
or diabetes 

IVU 58 A1 1/25 1/25 1.0 72 1.0 (.1, 15.1) H 

Kuhn, 200817 N. America iopamidol IV 248 Renal Impairment 
And Diabetes 

CT 69 A1 6/123 7/125 1.0 72 0.9 (0.3, 2.5) H 

Nguyen, 200822 N. America iopromide IV 117 Renal Impairment CT 64 A1 5/61 15/56 0.01 72 0.4 (0.1, 0.9) M 
Zo'o, 201130 Europe iobitridol IV 145 Children CT 8 B 7/66 3/62 0.3 72 2.1 (0.6, 7.7) L 

CIN=contrast induced nephropathy; CT=computerized tomography; GFR=glomerular filtration rate; H=high; IA=intra-arterial; IOCM=iso-osmolar group; IV=intravenous; IVU=intravenous urogram; L=low; LOCM=low-osomolar contrast 
media; M=medium; N. America=North America; N=sample size; NR=not reported; pos = positive; RR=relative risk; Y=year 

* A = rise in serum creatinine relative to baseline: ≥25% (A1); ≥0.5 mg/dl (A2); ≥25% or ≥0.5 mg/dl (A3); ≥50% (A4). B: >25% reduction in creatinine clearance. 
† P value from Fisher exact test calculated from the counts in the preceding two table columns. 
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Table 8. Comparison between iso- and low-osmolar contrast media: prevention of contrast induced nephropathy , study reporting eGFR only 

Author, year Outcome Measure 

Sub-
group 
(not a 
subgroup 
is column 
is left 
blank) 

Inte 
rve 
n-
tio 
n ARM 

Time 
Point 
1 

Time point 1 N 
anal-yzed 

n (%) 
with 
out-
come 
at time 
point 1 

Comp-
arison 
statistics 
at time 
point 1 

Time 
Point 
2 

Time 
point 2 N 
analyzed 

N(%) with 
out-come 
at time 
point 2 

Com-
parison 
statistics at 
time point 2 

Time 
Point 
3 

Time 
point 3 N 
anal-
yzed 

n (%) with 
out-come 
at time 
point 3 

Com-
parison 
statistic 
s at time 
point 3 

Becker, 20133 Change in 
GFR 
(eGFR)--
short term 

% Iop 
ami 
dol 

1 3 
hours 

median 
=+5 

72 
hours 

median=-5 p=>0.18 

Change in 
GFR 
(eGFR)--
short term 

% Ioh 
exo 
l 

2 median 
=+1 

median=-
2.5 

Change in 
GFR 
(eGFR)--
short term 

% Iopr 
omi 
de 

3 median 
, +5 

median, 
+10 

Change in 
GFR 
(eGFR)--
short term 

% Iodi 
xan 
ol 

4 median 
, 

median, 
+9 

%=Percentage, CI=Confidence Interval, eGFR=Estimated Glomerular Filtration Rate, GFR=Glomerular Filtration Rate, Mg/dl=milligram per deciliter, Micromole/L=micromole per liter, Ml/min/1.73m2=milliliter per minute per 1.73 meter 
squared, N=Sample Size, NR=Not Reported, NS=Not Significant, p=P-value, PCI=Percutaneous Coronary Intervention, SCr=Serum Creatinine, SD=Standard Deviation, Umol/L=micromole per liter 
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Table 9. Comparison between iso- and low-osmolar contrast media reporting on other outcomes. 

Author, year Comparison IOCM v 
LOCM 

Need for RRT (%) Cardiovascular outcomes 
N/n (%) 

Mortality (%) Adverse events (%) Diagnostic accuracy 

Bolognese, Arm 2: Iodixanol N=475 Cardiac deaths Cardiac death 
20124 Arm 3: Iopromide Arm 2: (0) Arm 2: (3.4) Arm 2: (3.4) 

Arm 3: (0.8) Arm 3: (4.7) Arm 3: (4.6) 
p=0.49 p=0.5 

MACE 
Arm 2: (5.6) 
Arm 3: (7.5) 
p=0.37 

Reinfarction 
Arm 2: (2.5) 
Arm 3: (2.1) 
p=0.77 

Rehospital-ization for heart 
failure 
Arm 2: (0.8) 
Arm 3: (0.4) 
p=1 

p=0.5 

In-hosptial death 
Arm 2: (3.0) 
Arm 3: (3.8) 
p=0.62 
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Table 9. Comparison between iso- and low-osmolar contrast media reporting on other outcomes (continued). 

Author, year Comparison IOCM v 
LOCM 

Need for RRT (%) Cardiovascular outcomes 
N/n (%) 

Mortality (%) Adverse events (%) Diagnostic accuracy 

Chuang, 20097 Total allergic reactions 
Arm 2: (8) 
Arm 3: (24) 
p=0.24 

Early reaction 
Arm 2: (0) 
Arm 3: (12) 
p=0.23 

Burning in throat 
Arm 2: (0) 
Arm 3: (4) 
p=1 

Dizziness 
Arm 2: (0) 
Arm 3: (8) 
p=1 

Late reactions 
Arm 2: (8) 
Arm 3: (12) 
p=1 

Skin rash 
Arm 2: (8) 
Arm 3: (12) 
p=1 
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Table 9. Comparison between iso- and low-osmolar contrast media reporting on other outcomes (continued). 

Author, year Comparison IOCM v Need for RRT (%) Cardiovascular outcomes Mortality (%) Adverse events (%) Diagnostic accuracy 
LOCM N/n (%) 

Hardiek, 200810 Nausea 
Arm 2: (3.7) 
Arm 3: (4.2) 
p=NR 

Fever 
Arm 2: (0) 
Arm 3: (3.7) 
p=NR 

Rash 
Arm 2: (7.4) 
Arm 3: (1.9) 
p=NR 

ARF 
Arm 2: (0) 
Arm 3: (1.9) 
p=NR 

Jo, 200614 Arm 2: Iodixanol 
Arm 3: Ioxaglate 

N=275 
Arm 2: (0.7) 
Arm 3: (0.7) 
p=NR 

Composite of CV events in-
hospital and 30 days post 
discharge and diagnostic image 
quality 
Arm 2: (2.1) 
Arm 3: (2.2) 
p=1 

Juergens, 200915 Arm 2: Iodixanol N=70 Multiple AEs 
Arm 3: Iopromide Arrhythmia* (1.6) Arm 2: (NR) 

Periprocedural * (2.1)MI Arm 3: (NR) 
P=NR p= 

Kuhn, 200817 Arm 2: Iodixanol N=248 Arm 2: (0) 
Arm 3: Iopamidol Arm 2: (0) Arm 3: (0) 

Arm 3: (0) p=NR 
p=NR 

Laskey, 200918 Arm 2: Iodixanol 
Arm 3: Iopamidol 

N=418 
Arm 2: (0.7) 
Arm 3: NR 
p=NR 

Deaths were reported in the 
intention to treat (ITT) and the per 
protocol (PP) populations as in 
hospital deaths n=7 (ITT) and in 
hospital deaths n=3 (PP). Deaths 
not stratified or reported by 
intervention group. 
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Table 9. Comparison between iso- and low-osmolar contrast media reporting on other outcomes (continued). 

Author, year Comparison IOCM v 
LOCM 

Need for RRT (%) Cardiovascular outcomes 
N/n (%) 

Mortality (%) Adverse events (%) Diagnostic accuracy 

Mehran, 200920 Arm 2: Iodixanol MI Arm 2: (27.8) Death, MI, and repeat 
Arm 3: Ioxaglate Arm 2: (0) Arm 3: (0) revascularization 

Arm 3: (1.3) 
p=1 

p=0.24 Arm 2: (0) 
Arm 3: (5.4) 
p=0.12 

Nguyen, 200822 Arm 2: (4.9) 
Arm 3: (3.6) 
p=NR 

Nie, 200823 Arm 2: Iodixanol 
Arm 3: Iopromide 

Composite CV outcome* 
Arm 2: (0.1) 
Arm 3: (5.9) 
p=0.025 

Emergent PCI 
Arm 2: (0) 
Arm 3: (2.0) 
p=0.24 

Abrupt vessel closure 
Stroke 
Arm 2: (1) 
Arm 3: (2) 
p=0.61 

Thombosis 
Arm 2: (1) 
Arm 3: (3) 
p=0.36 

Cardiac death 
Arm 2: (0) 
Arm 3: (0) 
p=--

Nonfatal MI 
Arm 2: (0) 
Arm 3: (1) 
p=0.49 

CABG 
Arm 2: (0) 
Arm 3: (0) 
p=--

Image quality* 
Grade 1 =optimal 
Arm 2: (70.8) 
Arm 3: (79.4) 

Grade 2 =suboptimal 
Arm 2: (20) 
Arm 3: (13.7) 

Grade 3 = not diagnostic 
Arm 2: (9.4) 
Arm 3: (6.9) 

p=0.35 (calculated across 
groups and measures) 

Serafin, 201125 (2.2) entire study population 
p=NR 

Shin, 201126 Arm 2: Iodixanol 
Arm 3: Iopromide 

MACE 
Arm 2: (2.3) 
Arm 3: (2.0) 
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Table 9. Comparison between iso- and low-osmolar contrast media reporting on other outcomes (continued). 

Author, year Comparison IOCM v 
LOCM 

Need for RRT (%) Cardiovascular outcomes 
N/n (%) 

Mortality (%) Adverse events (%) Diagnostic accuracy 

Solomon, 200727 Arm 2: Iodixanol 
Arm 3: Ioppamidol 

Serious cardio-vascular 
events‡ 
0 reports 

Wessely, 200929 Arm 2: Iodixanol 
Arm 3: Iomeprol 

N=324 
Arm 2: (1.9) 
Arm 3: (0.6) 
p=0.31 

MI 
Arm 2: (4.3) 
Arm 3: (4.3) 
p=0.77 

MACE 
Arm 2: (8.6) 
Arm 3: (13.0) 
p=0.2.1 

Arm 2: (3.7) 
Arm 3: (4.3) 
p=0.78 

Zo'o, 201130 Pts with at least 1 AE 
Arm 2: (24) 
Arm 3: (26) 
p=NR 

Serious AEs 
Arm 2: (6) 
Arm 3: (6.8) 
p=NR 

Image quality is “good” 
Arm 2: (89.4) 
Arm 3: (83.9) 
p=0.73 

Diagnostic efficacy “easy” 
Arm 2: (98.5) 
Arm 3: (90.3) 
p=0.58 

* numbers reported are for the entire study population 

CIN = contrast-induced nephropathy; CT=computerized tomography; CV=cardiovascular; CV=cardiovascular; H=High risk of bias; HF=heart failure; IA = intra-arterial; IOCM-iso-osmolar contrast media; ITT=intention to treat; IV = 
intravenous; IVU = intravenous urography; L=low risk of bias; LOCM = low osmolar contrast media; MACE=major adverse cardiac events; MI=myocardial infarction; M-moderate risk of bias; NA = not applicable; NR = not reported; NS 
= not significant; PCI=percutaneous coronary intervention; PP=protocol population; Pts=patients; RRT = renal replacement therapy; 
* numbers reported are for the entire study population 
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Appendix F. Study Limitations 

Author, Year 

Was the allocation 
sequence 
adequately 
generated? 

Was allocation 
adequately 
concealed? 

Was knowledge of 
the allocated 
intervention 
adequately 
prevented during 
the srudy? 

Were incomplete 
oucome data 
adequately 
addressed? 

Are reports of the 
study free of 
suggestion of 
selective outcome 
reporting? 

Study 
limitations 

Barrett, 20061 Yes Yes Yes Yes Yes Low 

Becker, 20132 Yes No No Yes Yes moderate 

Bolognese, 20123 Yes Yes Yes Yes Yes Low 

Campbell, 19904 Unclear Unclear Yes No Unclear High 

Carraro, 19985 Unclear Unclear Yes Unclear Unclear High 

Chuang, 20096 Unclear Unclear Unclear Yes Yes high 

Dillman, 20127 Yes Yes Yes Yes Yes Low 

Feldkamp, 20068 Unclear Unclear Unclear Yes Yes high 

Hardiek, 20089 Yes Yes Yes Yes Yes Low 

Hernandez, 200910 No No No Yes Yes high 

Jakobsen, 199611 Unclear Unclear Yes Yes Yes moderate 

Jevnikar, 198812 Unclear Unclear Yes No Yes High 

Jo, 200613 Unclear Unclear Yes Yes Yes moderate 

Juergens, 200914 Yes Yes Yes Yes Yes Low 

Koutsikos, 199215 Unclear Unclear Unclear Yes Yes high 

Kuhn,200816 Unclear Unclear Unclear Yes Yes high 

Laskey, 200917 Unclear Yes Yes Yes Yes moderate 

Limbruno, 201318 Unclear Unclear Unclear Unclear Yes high 

Mehran, 200919 Yes Yes Yes Yes Unclear Moderate 

Nguyen, 200820 Yes Unclear Yes Yes No moderate 

Nie, 200821 Yes Unclear Yes Yes Yes moderate 

Rudnick, 200822 Yes Yes Yes Yes Yes Low 

Serafin, 201123 Yes Unclear Yes Yes Yes moderate 
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Shin, 201124 Yes Yes Yes Yes Yes Low 

Solomon, 200725 Yes Unclear Yes Yes Yes moderate 

Solomon, 200926 Unclear Unclear Unclear Yes Yes high 

Wessely, 200927 Unclear Unclear Yes Yes Yes moderate 

Zo'o, 201128 Yes Yes Yes Yes Yes Low 
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